Cyclooxygenase-2 (COX-2) is induced by UVB light and reduces UVB-induced epidermal apoptosis; however, the mechanism is unclear. Therefore, wild-type (WT) and COX-2À/À mice were acutely treated with UVB (5 kJ/m 2 ), and apoptotic signaling pathways were compared. Following exposure, apoptosis was 2.5-fold higher in COX-2À/À compared with WT mice. Because prostaglandin E 2 (PGE 2 ) is the major UV-induced prostaglandin and manifests its activity via four receptors, EP1 to EP4, possible differences in EP signaling were investigated in WT and COX-2À/À mice. Following UVB exposure, protein levels of EP1, EP2, and EP4 were elevated in WT mice, but EP2 and EP4 levels were 50% lower in COX-2À/À mice. Activated cyclic AMP-dependent protein kinase (PKA) and Akt are downstream in EP2 and EP4 signaling, and their levels were reduced in UVB-exposed COX-2À/À mice. Furthermore, p-Bad (Ser 136 and Ser 155 ), antiapoptotic products of activated Akt and PKA, respectively, were significantly reduced in UVB-exposed COX-2À/À mice. To further study the roles of EP2 and EP4, UVB-exposed CD-1 mice were topically treated with indomethacin to block endogenous PGE 2 production, and PGE 2 , the EP2 agonist (butaprost) or EP4 agonist (PGE 1 alcohol), was applied. Indomethacin reduced PKA and Akt activation by f60%, but PGE 2 and the agonists restored their activities. Furthermore, both agonists decreased apoptosis in COX-2À/À mice by 50%. The data suggest that COX-2-generated PGE 2 has antiapoptotic roles in UVBexposed mouse skin that involves EP2-and EP4-mediated signaling. [Cancer Res 2007;67(5):2015-21] 
Introduction
UV irradiation is a significant environmental factor influencing skin cancer in humans. Among the types of solar radiation, UVB (290-320 nm) is highly carcinogenic compared with UVA (320-400 nm; refs. 1, 2). Acute UVB exposure has been shown to induce cellular damage, most of which will disappear within about 2 weeks (3). However, when UVB exposure is chronic, the repeated exposures cause epidermal cell damage that can lead to skin cancer (1) (2) (3) .
Prostaglandins are generated via the cyclooxygenases (COX-1 and COX-2) and are known to be increased in the skin following UV exposure (4) . COX-1 and COX-2 both catalyze the first reaction in the conversion of arachidonic acid into prostaglandins, of which prostaglandin E 2 (PGE 2 ) is the major product found in UV-exposed skin (5) . COX-1 is generally thought to be the constitutively expressed isoform, and COX-2 is the inducible isoform (6) . COX-2 is induced in the epidermis by UV exposure (7) , and signaling pathways leading to UVB-induced COX-2 induction have been investigated (8) . Studies have shown that following acute UV exposure, COX-2 expression/induction contributed to keratinocyte survival and proliferation (5) and reduced apoptosis (9, 10) , whereas COX-2 inhibition increased epidermal apoptosis (5, 11) . However, the mechanism(s) elicited by COX-2-generated prostaglandins that protect the skin from UV-induced apoptosis are unclear.
PGE 2 manifests its biological activities via four known Gprotein-coupled membrane receptors: EP1 to EP4 (12, 13) . These receptors differ in their PGE 2 binding affinities and their downstream signal-transduction pathways. EP2 and EP4 have been reviewed by Regan (12) , and both EP2 and EP4 can couple with Gas protein and activate adenylate cyclase, thereby increasing cyclic AMP (cAMP) levels. EP2 is reported to signal primarily via cAMP-dependent protein kinase (PKA), leading to the phosphorylation of proteins, including cAMP-responsive element binding protein (CREB), which is known to regulate antiapoptotic gene products such as Bcl-2 and IAP (14) . PKA also inactivates glycogen synthase kinase (GSK; ref. 12) and proapoptotic Bad by phosphorylation (12, 15) . EP4 has also been reported to activate a phosphoinositide-3-kinase (PI3K)-dependent pathway leading to the phosphorylation of Akt (12) . p-Akt can inactivate several proapoptotic proteins, including Bad, caspase-9, and forkhead, and can activate antiapoptotic proteins including NF-nB and CREB (16) . Activated Akt was significantly increased in UVB-irradiated mouse skin (8) and contributed to the resistance of murine keratinocytes to UVB-induced apoptosis (17) . However, the role of EP2 and EP4 signaling in UVB-induced apoptosis is not known.
In addition to receptor-mediated pathways, many reports have indicated interactions between COX-2 and p53 (18) (19) (20) . Studies have shown that p53 is also activated by UV and is important in the suppression of cellular growth and the induction of apoptosis (21, 22) through the induction of Bax, an apoptosis-promoting member of the Bcl-2 gene family (23) . p53 has been reported to regulate the expression of COX-2 (18, 19) , and prostaglandins produced by COX-2 have been shown to covalently bind wild-type (WT) p53 and prevent its nuclear accumulation (20) . Thus, alterations in p53 activity represent an additional mechanism by which COX-2 could influence epidermal responses to UV exposure.
In this study, we extend our previous findings (24) that COX-2 deficiency in vivo increased epidermal apoptosis and describe a possible mechanism. We observed that COX-2 deficiency did not affect UVB-induced p53 or Bax levels. However, it was observed that the PGE 2 receptors, EP2 and EP4, and their signaling pathways involving PKA and Akt were decreased in UVB-treated COX-2À/À mice. Finally, we show that exogenous EP2 and EP4 agonists can suppress the increased apoptosis observed in the UVB-exposed COX-2À/À mice.
Materials and Methods
Animals. The COX-2 mice used in this study have been maintained for more than 35 generations by heterozygous Â heterozygous breeding and are 50% 129Ola/50% C57BL/6 (25). Mice were bred at Taconic Farms (Germantown, NY) and housed in the facilities of the National Institute of Environmental Health Sciences (NIEHS) according to the Association for the Assessment and Accreditation of Laboratory Animal Care guidelines. WT and p53 null mice were purchased from The Jackson Laboratory (Bar Harbor, ME), and CD-1 mice were obtained from Charles River Laboratories (Wilmington, MA). Female COX mice, p53 mice, and CD-1 mice were used at 6 to 8 weeks of age. All studies were approved by the Animal Care and Use Committee at NIEHS. Food and water were provided ad libitum.
The dorsal hair of mice was trimmed 1 day before UVB exposure. To block endogenous PGE 2 production, mice were topically treated with indomethacin in acetone (Sigma-Aldrich, St. Louis, MO) before treatment with PGE 2 , the EP2 agonist, butaprost, or the EP4 agonist, PGE 1 alcohol (Cayman Chemical, Ann Arbor, MI) in acetone. Restrained mice were UVB irradiated using a UV apparatus (Tyler Research Instruments, Edmonton, Alberta, Canada). The spectra radiance for the UV lamps was 290 to 400 nm, 80% of which is in the UVB range (290-320 nm) and 20% of which is in the UVA range.
Histology and TUNEL assay. The skin was removed from euthanized mice at various times after UVB exposure, fixed immediately in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5-Am thickness. Mounted sections were stained with H&E for light microscopy. Apoptotic cells were detected in paraffin-embedded skin sections by the terminal nucleotidyl transferase-mediated nick end labeling (TUNEL) assay (DeadEnd, Promega, Madison, WI) according to the manufacturer's instructions. Twenty microscope fields were counted for each of 3 to 5 mice per genotype.
Western blot analysis. For protein isolation, the dorsal skin was excised, placed on ice, the fat removed, snap frozen in liquid nitrogen, and homogenized at 4jC with a Polytron homogenizer in cell lysis buffer (Cell Signaling Technology, Beverly, MA) containing 1 mmol/L phenylmethylsulfonyl fluoride. Lysates were centrifuged (12,000 Â g ) for 20 min, and 50 to 100 Ag supernatant protein was heated at 95jC in Laemmli loading buffer (Bio-Rad Laboratories, Inc., Hercules, CA) for 5 min and loaded on Criterion precast gel (Bio-Rad Laboratories, Inc.). After electrophoresis, the proteins were transferred to polyvinylidene difluoride membranes and blocked with 5% nonfat dry milk-PBST buffer (PBS containing 0.1% Tween 20) for 1 h at room temperature, and the membranes were incubated overnight at 4jC with 1:500 to 1,000 dilution of the following antibodies: COX-2, COX-1, and EP1 to EP3 (Cayman Chemical), EP4 (Alpha Diagnostic Int., San Antonio, TX), p53 (Novocastra Laboratories Ltd., Newcastle, United Kingdom), p-Akt, Akt, p-GSK3a/h, GSK3a/h, p-Bad, Bax, and p-(Ser/Thr) PKA substrates (Cell Signaling Technology). Equal lane loading was assessed using actin (Sigma-Aldrich). The blots were rinsed thrice with PBST buffer, incubated for 1 h with 1:5,000 dilution of the horseradish peroxidase-conjugated secondary antibody (Sigma-Aldrich). The proteins were visualized with an enhanced chemiluminescence detection kit (GE Healthcare UK Ltd., Buckinghamshire, England).
Akt kinase assay. The measurement of catalytic activity of Akt was carried out by using a nonradioactive Akt kinase assay kit (Cell Signaling Technology) according to the manufacturer's instructions.
cAMP immunoassay. cAMP measurement was carried out using a kit from BioVision (Mountain View, CA) according to the manufacturer's instructions. Calculations were based on a standard curve for each experiment.
Statistical analysis. Data are expressed as means F SD. Statistical significance was determined by the Student's t test. Differences resulting in P values <0.05 were considered to be statistically significant.
Results
UVB increases epidermal apoptosis in WT and COX-2À/À mice. We recently reported that the deficiency of COX-2 reduced UVB-induced PGE 2 levels by 35% and increased epidermal apoptosis compared with WT and COX-1À/À mice (24) . Figure 1A shows an independent study comparing the levels of apoptosis in WT and COX-2À/À mice at 24 h after UVB exposure. The data indicate that COX-2À/À mice had about 2.5-fold more apoptotic epidermal cells than WT mice. Figure 1B shows that COX-1 protein level was unchanged in UVB-exposed WT and COX-2À/À mice, but that of COX-2 was induced in WT mice by UVB. Based on these observations, we investigated the possibility that the increased apoptosis in COX-2À/À mice was due to decreased PGE 2 -mediated signaling.
p53 and Bax are induced in UVB-irradiated WT and COX-2À/À mice. COX-2 and p53 are known to have important roles in UV-induced apoptosis, and studies have shown that COX-2 and p53 may interact in regulating UVB-induced apoptosis (26) . The role of p53 in apoptosis in part involves the induction of Bax (23), and therefore, the levels of both p53 and Bax proteins were determined in UVB-exposed WT and COX-2À/À mice. Figure 2A shows that p53 and Bax levels were equally induced in WT and COX-2À/À mice at 24 h after UVB treatment. Conversely, whereas COX-2 deficiency did not alter p53 levels, p53 deficiency did lead to increased COX-2 expression following UVB exposure (Fig. 2B ). These data suggest that COX-2 does not significantly regulate p53 levels, but p53 can regulate COX-2 expression. In summary, these data suggest that p53 and Bax contribute about equally to apoptosis in WT and COX-2À/À mice and, therefore, do not seem to account for the increased apoptosis observed in COX-2À/À mice. UVB induces PGE 2 receptor expression in WT and COX-2À/À mouse skin. PGE 2 is the most abundant prostaglandin produced in the skin following UVB exposure (5, 27) and is known to manifest its activity via four membrane receptors, EP1, EP2, EP3, and EP4 (12, 13) . Therefore, the effect of UVB exposure on the expression of these receptors was determined. Figure 3A shows that the levels of EP1, EP2, and EP4 were increased in WT and COX-2À/À mice following UVB treatment, but that the magnitude of the increase of EP2 and EP4 was decreased in COX-2À/À mice. Figure 3B shows the relative levels of the four PGE 2 receptors in control and UVB-exposed WT and COX-2À/À mouse skin. The reduced levels of EP2 and EP4 in COX-2À/À mice suggest that a decrease in the signaling pathways mediated by these receptors may contribute to the increased apoptosis observed in COX-2À/À mice.
PKA and Akt activation and Bad phosphorylation in the UVB-treated WT and COX-2À/À mouse skin. PGE 2 stimulation of EP2 and EP4 has been shown to activate the PKA and PI3K/Akt signaling pathways (12) . Because EP2 and EP4 activation of PKA is dependent on cAMP levels (12), the effects of UVB exposure on the levels of cAMP in WT and COX-2À/À mouse skin were determined. UVB treatment increased cAMP levels in WT mouse skin, but did not significantly increase cAMP levels in COX-2À/À mice (Fig. 4A) . To investigate PKA activation in WT and COX-2À/À mouse skin, an antibody that recognizes PKA-phosphorylated proteins containing phosphothreonine and phosphoserine in the motifs RXXT and RRXS (28, 29) was used. Figure 4B shows that phosphorylated proteins of different molecular weights were detected, but these PKA-phosphorylated proteins were decreased in UVB-treated COX-2À/À mice.
Because the phosphorylation of Bad (Ser 155 ) by PKA can decrease apoptosis (15) , the level of Bad phosphorylation at Ser 155 in UVB-exposed WT and COX-2À/À mice was determined. As seen in Fig. 4B , the level of p-Bad (Ser 155 ) was significantly reduced in COX-2À/À mouse skin, in agreement with the decreased activity of PKA as determined by the PKA substrate assay. Thus, decreased phosphorylation of Bad by PKA seems to be consistent with the increased apoptosis observed in COX-2À/À mice.
The activation of Akt can also lead to the phosphorylation of Bad (30); therefore, the effect of UVB exposure on Akt activation and the subsequent phosphorylation of Bad (Ser 136 ) in WT and COX-2À/À mice was determined. The data in Fig. 4C indicate that UVB treatment increased the level of p-Akt in WT compared with COX-2À/À mouse skin. The level of unphosphorylated Akt remained constant in both WT and COX-2À/À mice independent of UVB treatment. The reduced Akt activity in COX-2À/À mice was confirmed by demonstrating that GSK3, a substrate for activated Akt, was phosphorylated in vitro to a greater extent by immunoprecipitated Akt from WT mice than COX-2À/À mice (Fig. 4D) . The data in Fig. 4C show that the reduced p-Akt level in UVB-exposed COX-2À/À mice leads to reduced p-Bad (Ser 136 ) levels compared with WT mice. Thus, in UVB-exposed COX-2À/À mice, the level of p-Bad, phosphorylated by p-Akt and PKA at two sites (Ser 136 and Ser 155 , respectively), was reduced compared with WT mice and could contribute to the increased apoptosis observed in UVB-treated COX-2À/À mice. PGE 2 , EP2, and EP4 agonists stimulate UVB-induced activation of Akt and PKA in CD-1 mouse skin. To more clearly 2 ) and sacrificed after 24 h. Protein extracts (50 Ag) were electrophoresed, transferred to a membrane, and probed using antibodies for p53 and Bax. Actin served as a control for protein loading and membrane transfer. B, WT and p53À/À mice were exposed to UVB (5.0 kJ/m 2 ) and sacrificed after 24 h. Fifty micrograms of total protein were electrophoresed, and the membrane was probed with an antibody for COX-2. In (A) and (B), two to three mice were used in each experiment, and each experiment was repeated. Each lane represents an individual mouse.
identify the roles of EP2 and EP4 signaling pathways in UVBexposed skin, CD-1 mice were treated topically with indomethacin before UVB exposure to block endogenous prostaglandin production. Following UVB exposure, the mice were then treated topically with PGE 2 , the EP2 agonist, butaprost, or EP4 agonist, PGE 1 alcohol, to activate EP2 or EP4 signaling. The UVB-induced phosphorylation of Akt and activation of PKA, as measured by phosphorylation of the PKA substrates (28, 29) , were decreased by indomethacin pretreatment and restored by exogenous PGE 2 (Fig. 5A) . In addition, phosphorylation of GSK3a/h, a downstream signaling component of both Akt and PKA, was decreased by indomethacin and restored by exogenous PGE 2 (Fig. 5A) . These data indicate that PGE 2 produced by UVB exposure can activate EP2 and EP4 signaling pathways in mouse skin.
To determine if EP2 and EP4 preferentially activated Akt or PKA following UVB exposure, the CD-1 mice were treated topically with indomethacin before UVB exposure and then butaprost or PGE 1 alcohol applied. Figure 5B shows that indomethacin suppressed the activation of Akt and PKA, and both were restored Figure 5 . Effects of PGE 2 , EP2, and EP4 agonists on the activation of Akt and PKA. A, CD-1 mice were pretreated topically with 50 Ag indomethacin 30 min before exposure of 5.0 kJ/m 2 UVB and posttreated topically with 5 Ag PGE 2 30 min after exposure. The animals were sacrificed 24 h following UVB exposure, and protein extracts (50-100 Ag) were electrophoresed. Specified bands were detected by immunoblotting, and total Akt and total GSK3a/h served as internal controls. B, CD-1 mice were pretreated topically with 50 Ag indomethacin 30 min before UVB (5.0 kJ/m 2 ) exposure and posttreated topically with 25 Ag of EP2 or EP4 agonist 30 min after exposure. The mice were sacrificed 24 h after exposure, and total protein was isolated from the dorsal skin. After electrophoresis, the membranes were probed with antibodies for p-Akt and p-(Ser/Thr) PKA substrates. Each lane represents an individual mouse. C, EP agonists (25 Amol) were applied to the backs of CD-1 mice. Mice were sacrificed at the indicated times, and total protein was isolated from the dorsal skin. Membranes were probed using antibodies for p-Akt, p-PKA substrates, and p-Bad (Ser  136 and Ser   155 ). In (A ) to (C ), two mice were used per experiment, and the data are representative of two independent experiments. Figure 4 . UVB-induced EP2 and EP4 activation was diminished in COX-2À/À mice. WT and COX-2À/À mice were sacrificed at 24 h after 5.0 kJ/m 2 UVB irradiation. A, tissue lysates containing 100 Ag protein were assayed for cAMP level as described in Materials and Methods. Columns, mean; bars, SD (n = 3 mice per genotype). *, P < 0.05. B, total skin protein extracts (100 Ag) were electrophoresed and detected using antibodies to p-(Ser/Thr) PKA substrate proteins or p-Bad (Ser by EP2 and EP4 agonists treatment. These data indicate that both agonists had similar effects on Akt and PKA activation at the doses used ( Fig. 4B and C) .
To determine if EP2 and EP4 agonists could activate Akt and PKA independent of UVB exposure, unexposed CD-1 mice were treated topically with butaprost or PGE 1 alcohol. Figure 5C shows that a single treatment with either agonist, in the absence of UVB exposure, induced the phosphorylation of Akt and PKA substrates in CD-1 mouse skin in a time-dependent manner. Furthermore, both agonists also increased the level of p-Bad (Ser 136 and Ser 155 , respectively; Fig. 5C ). Thus, the agonists could directly activate EP2 and EP4 signaling in CD-1 mouse skin.
EP2 and EP4 agonists reduce apoptosis in UVB-exposed COX-2À/À mouse skin. To show that reduced PGE 2 in COX-2À/À mice and reduced EP2 and EP4 receptor signaling were responsible for the increased apoptosis in UVB-exposed COX-2À/À mouse skin, the effect of EP2 and EP4 agonists on apoptosis in the COX-2À/À mice was determined. The data in Fig. 6A show that epidermal apoptosis, measured by TUNEL staining at 24 h after UVB exposure, was suppressed by f50% by pretreatment with either agonist. This reduction in apoptosis resulted in a level of apoptosis about equal to that seen in UVB-exposed WT mice (Fig. 6 ). These data indicate that the stimulation of EP2 and EP4 receptor-mediated signaling reverses the increased apoptosis observed in UVB-exposed COX-2À/À mice.
Discussion
Although studies have shown that COX-2 induction/expression can inhibit apoptosis (10, 31, 32) , and that COX-2 inhibition can increase apoptosis (11, 33, 34) , little is known about the effects of the mechanism of COX-2. In the present study, using an in vivo model, we investigated the involvement of the PGE 2 receptors in UVB-induced apoptosis and show that epidermal apoptosis in COX-2À/À mice is mitigated by EP2 and EP4 agonists. Furthermore, we showed that the EP2-and EP4-mediated reduction in apoptosis was due to increased PKA and Akt activation and subsequent increased levels of antiapoptotic p-Bad.
The tumor suppressor gene, p53, is an important regulator of cell survival following UVB treatment (35, 36) , and studies suggest a biochemical link between COX-2 and p53 (18, 19, 37) . Therefore, in our initial studies, we hypothesized that increased apoptosis in COX-2À/À mice might be related to increased p53 levels and/or activity. However, UVB-induced levels of p53 and a proapoptotic effector, Bax, were similar in WT and COX-2À/À mice (Fig. 2C) . The observation that p53 and Bax were similarly induced in UVBexposed WT and COX-2À/À mice suggests that they would contribute about equally to UVB-induced apoptosis in both genotypes. Thus, modulation of p53 due to COX-2 deficiency was not the cause of the increased apoptosis observed in UVB-exposed COX-2À/À mice.
Because PGE 2 is the major prostaglandin formed in UV-exposed skin (5, 27), we focused on the possible involvement of the PGE 2 receptors: EP1, EP2, EP3, and EP4. We observed that UVB irradiation induced the expression of EP1, EP2, and EP4 in WT mouse skin, but that expression of EP2 and EP4 was reduced in COX-2À/À mice (Fig. 3A) . EP2 and EP4 are coupled to the Gas, and ligand binding has been reported to increase cAMP levels leading to PKA activation and to activate Akt (12) . Akt and PKA activation can mediate prosurvival pathways through the inactivation of proapoptotic proteins including Bad (15, 30 (16, 38) . In our studies, no differences in the levels of Bcl-2 or Bcl-xL were observed between WT and COX-2À/À mice (data not shown). However, UVB activation of both Akt and PKA and phosphorylation of Bad at both Ser 136 and Ser 155 was decreased in COX-2À/À mice ( Fig. 4B and C) and this decreased Bad phosphorylation in COX-2À/À mice compared with WT mice is a likely cause of the increased apoptosis observed in COX-2À/À mice. In support of our Figure 6 . A, effects of EP2 and EP4 agonist on the UVB-induced apoptosis in COX-2À/À mice. EP agonists (25 Amol) were applied to COX-2À/À mice 30 min before UVB exposure (5.0 kJ/m 2 ), and the mice were sacrificed 24 h later. Columns, mean of the percent apoptotic cells (TUNEL positive) per 100 basal cells; bars, SD (n = 5 mice per group). *, P < 0.01. B, a proposed pathway for p53 and EP2/EP4 signaling in UVB-induced epidermal apoptosis.
in vivo findings, it was recently reported that PGE 2 protected gastric mucosal cells in vitro from ethanol-induced apoptosis via EP2 and EP4 activation (39) . Additionally, in the mouse intestine, PGE 2 activation of EP2 protected the cells from g-radiationinduced apoptosis (40) .
A significant finding of the present study was that both EP2 and EP4 agonists reduced epidermal apoptosis by 50% in UVB-exposed COX-2À/À mice resulting in a level of apoptosis about equal to that observed in WT mice (Fig. 6A) . Because COX-2À/À mice showed a 2.5-fold increase in apoptosis (Fig. 1A) and COX-2 deficiency reduced PGE 2 in UVB-exposed skin by f35% (26), the data suggest that the protective effects of the agonists in COX-2À/À mice are mimicking the effects of PGE 2 normally generated via COX-2. Figure 6B illustrates a proposed model showing the roles of p53 and EP2/EP4 in UVB-induced epidermal apoptosis. UVB irradiation induces apoptosis through the induction of p53 and Bax expression in both WT and COX-2À/À mouse skin and presumably is PGE 2 receptor independent. UVB also induces COX-2 expression and COX-2-mediated PGE 2 production in WT, but not COX-2À/À mice, which results in the activation of the EP2 and EP4 receptors. Activation of these receptors in WT mice increases PKA and Akt activity, which causes multisite phosphorylation of Bad and abrogates the proapoptotic function of Bad and promotes cell survival.
Although in the present paper, we focused on the roles of EP2 and EP4 in the acute epidermal effects of UVB irradiation, the roles of the PGE 2 receptors in UV-induced skin tumor formation have received little attention. Tober et al. (41) reported that an EP1 antagonist reduced UVB-induced skin tumor formation in the Skh-1 hairless mouse. Furthermore, Lee et al. (42) reported that EP2 mRNA was increased in UVB-induced papillomas and squamous cell carcinomas, and Tober et al. (43) reported recently that EP2 mRNA levels were significantly elevated in chronically irradiated mouse skin. Based on the effects of the EP2 and EP4 agonists on UVB-induced epidermal apoptosis observed in the present study, further studies are needed to determine the effects of EP2 and EP4 deficiency, as well as of agonists and antagonists for these receptors on UV-induced skin tumor formation during chronic UV exposure.
